The course of infection with Eimeria vermiformis was determined in BALB/b, BALB/c, and C57BL/lOScSn (B10) mice and in radiation chimeras prepared from the H-2-compatible BALB/b and B10 mice. The BALB strains, irrespective of H-2 haplotype, were resistant, the B10 mice were susceptible, and in the chimeras infection was characterized by the genotype of the donated bone-marrow cells and not by the phenotype of the recipient. Thus, the genetic control of relative resistance or susceptibility to infection with this parasite is expressed through bone-marrow-derived cells.
The reproduction of Eimeria vermiformis, an intracellular protozoan parasite of the small intestine of mice, differs markedly in different inbred strains of mouse (10) . Comparison of the resistant strain BALB/c and the susceptible strain C57BL/6 has shown that the life cycle of the parasite is abruptly terminated in the former (9) ; this is likely to be immunologically mediated, since immunosuppressed BALB/c are as susceptible as, if not more susceptible than, similarly treated C57BL/6 mice (11). To confirm that genetic variation in susceptibility reflects differences in immunologically mediated mechanisms of resistance rather than differences in physiologically determined innate susceptibility to the development of the parasite, we have compared infections with E. vermiformis in radiation chimeras prepared between H-2-compatible strains of resistant BALB/b and susceptible C57BL/10 ScSn (B10) mice.
In a preliminary experiment we confirmed the relative resistance of BALB mice and established that this was due to the major strain difference and not to any H-2 haplotypelinked effect by comparing the course of infections with E. vermiformis produced in BALB/c mice (from The Institute for Animal Health, Compton Laboratory) and BALB/b and B10 mice (from The National Institute for Medical Research, Mill Hill, London). The mice were female and were inoculated with 2.5 x 103 sporulated oocysts per os into the esophagus at 8 weeks of age. The origin of the strain of E. vermiformis and the methods used for its maintenance and for the characterization of infection by measuring daily fecal oocyst output have been described (10). The results (Fig. 1) show that BALB/b (H-2b) and BALB/c (H-2d) produced similar, low numbers of oocysts over a short period of time, in complete contrast to the B10 (H-2b) mice. Thus, in these strains the genetic background is more important than the H-2 haplotype in determining resistance to a primary infection with E. vermiformis.
In the second experiment the infections compared were those produced in chimeras made from B10 mice ( 1 .0-mm aluminium) and, within 6 h, given 6 x 106 to 14 x 106 BM cells intravenously. BM was removed from tibias and femurs, suspended in tissue-culture medium M199 with Hanks salts, 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, and L-glutamine (GIBCO Ltd., Paisley, Scotland, United Kingdom) supplemented with 5% heat-inactivated fetal calf serum, 100 ,ug of streptomycin sulfate (Glaxo, Greenford, Middlesex, United Kingdom) per ml, and 100 IU of penicillin (Crystapen; Glaxo) per ml. Recipients were given 1 g of terramycin (terramycin soluble powder; Pfizer, Sandwich, Kent, United Kingdom) per liter in 0.01 HCl in their drinking water for 2 months, starting 4 days before irradiation. Successful reconstitution was confirmed by tissue typing by complement-mediated cytotoxicity of peripheral blood lymphocytes with antisera prepared by grafting B10 mice with BALB/b skin on two occasions, 1 month apart. After rejection of the second graft, six intraperitoneal inoculations of 3 x 10' BALB/b spleen cells were given at weekly intervals, and the mice were bled 1 week after the last intraperitoneal injection. Three months after the BM transplant the course of infection, induced as above, was compared ( Table 1 ). All of the mice reconstituted with B10 BM, whether BALB or B10 recipients, exhibited a very high oocyst production and the prolonged patency usually associated with mice of the B10 phenotype. In contrast, the mice reconstituted with BALB/b BM produced significantly fewer oocysts and had a significantly shorter patent period. The BALB/b mice reconstituted with BALB/b BM produced more oocysts and had a longer patency than expected (compare Fig. 1 and Table 1 ); this may have been due to modulation of their response by a concurrent infection with an unknown organism, since they were in somewhat poor condition when inoculated with oocysts. Nevertheless, it is clear that, as shown by the magnitude and duration of oocyst production, the course of infection in the BM recipients is that which is characteristic of the donor strain.
The differing resistance of inbred strains of mice to E. vermiformis described here and previously (9) (10) (11) concurrent infections could affect the host response to parasites, directly or indirectly. Genetically determined differences in resistance to infection may be expressed through a variety of specific and nonspecific effector mechanisms, both inflammatory and immunological in origin (2, 13); it may also be influenced by many other aspects of the host environment (7). Analysis of the means of expression and of the major determinants of genetically controlled differences therefore requires an experimental approach such as the use of chimeric mice, by which particular components can be manipulated in isolation. Mice which have been lethally irradiated and reconstituted with BM from allogeneic donors have, when recovered, virtually complete replacement of hemopoietic, myeloid, and lymphoid tissues by cells of the donor type (8) . Physiologically, the mice retain the characteristics of the strain, but their immunological and inflammatory characteristics are those of the BM donors. Chimeric mice have been used to identify the type of cells which mediate genetically determined resistance or susceptibility to infection in a number of systems. Thus it has been shown that the course of infection with Leishmania tropica is determined by the genotype of the BM donor and that the genetic control is expressed through the macrophage (3). Resistance to Listeria monocytogenes, which is also controlled through the macrophage, is, on the other hand, dependent on the genotype of the recipient; therefore there appears to be external regulation of the responiveness of the macrophage (5). In the case of the nematode Trichinella spiralis, in which resistance to the intestinal phase appears to be expressed through a T-cell-dependent inflammatory response, the phenotype of chimeric mice is again determined by that of the BM donor (13) . The results presented here demonstrate that relative resistance or susceptibility to E. vermiformis in radiation chimeras is determined by cells of BM origin, since BM recipients had the pattern of oocyst production and patency characteristic of the donor strain. This strongly suggests that the experimental manipulations in the construction of the chimeras had altered the phenotype of the response through their effect upon the development of acquired immunity.
At present it is not possible to define more precisely the means through which such an altered response was achieved, since the immunological mechanisms which control infections with E. vermiformis have not been fully characterized. However, from the data available with this system and from those obtained with other intestinal parasites, a number of possibilities can be identified. Immunity to E. vermiformis (10), as with other (4, 6) eimerian parasites of the mouse, is T cell dependent and can be transferred very effectively with populations of T cells derived from the draining mesenteric lymph node (M. E. Rose, H. S. Joysey, P. Hesketh, R. K. Grencis, and D. Wakelin, manuscript submitted). The production of such cells requires presentation of parasite antigen, and thus either lymphocytes or antigen-presenting cells or both may be the component through which genetic control is expressed; both are BM donor derived in radiation chimeras. The role of T cells in the response to E. vermiformis is not known at present, although there is no evidence to suggest that T-cell control of antibody production is relevant. If T cells do not themselves act directly in antiparasite responses, and this possibility cannot be excluded, then it may be the case that, as in T. spiralis, T cells are concerned in the initiation and regulation of inflammatory responses, the effect of which is to endow the host with resistance to infection (12) . In these circumstances, the myeloid cells from which the active inflammatory components are derived could also be the populations through which the genetic control is expressed.
